Since Jan 4 th 2016, the State Bank of Vietnam (SBV) has applied the central exchange rate regime pegging VND to a basket of 8 currencies, which reflects the adaptation of macro policies in general and exchange rate policy in particular when the integration context has changed. In order to propose suitable solutions to administrate exchange rate policy effectively, this article employs the vector auto regression (VAR) model, in which the relationship between exchange rate and three objectives of exchange rate policy (including prices, output and trade balance) are tested. The data used in this model is quarterly, in the period 2001q1-2017q3. Based on the results of the VAR model, a number of policy implications has been proposed, including: (i) continuing to apply a currency basket pegged exchange rate regime; (ii) instead of choosing to devaluate VND, the SBV should use other exchange rate management tools; (iii) speeding up the development of the derivative exchange rate market is necessary to reduce the level of exchange rate pass-through (ERPT) to the import price index so that helps to control inflation in Vietnam; and (iv) the SBV should prioritize the exchange rate policy administration towards price stability through adopting an inflation-targeting monetary policy.
Introduction


Since the "Doi Moi" policy was initialized, the degree of Vietnam's international economic integration has been increasingly promoted. Many bilateral and multilateral free trade agreements have been signed, not to mention ones that are still under negotiation. In the spirit of the trade agreements that Vietnam participates in, liberalization is a mainstream trend, expressed in many areas, including trade, _______  Tel.: 84-983830104.
Email: huyenttt@hvnh.edu.vn https://doi.org/10.25073/2588-1108/vnueab.4152 investment and capital movements. To join the common playground, Vietnam should abide by the rules and regulations which are set out. Macroeconomic policies in general and exchange rate policy in particular are forced to change to adapt to new contexts. According to the WTO commitments, in order to be recognized as a market economy in 2018, Vietnam must meet five conditions, including financial market conditions and the stability of the domestic currency. Under TPP's (later CPTPP) agreements, Vietnam is not allowed to devalue its domestic currency, in order to reduce the price of exported goods, which can help to increase the economy's competitiveness. In Jan 4 th 2016, the SBV began to apply a new exchange rate regime which pegged VND to a basket of 8 currencies, replacing the previous USD pegged exchange rate regime.
Exchange rate policy as an indirect tool of monetary policy is directed toward the internal balance and external balance of the economy, including price stability, economic growth and trade balance stabilization. Before having impacts on the internal balance and external balance, the exchange rate policy -a purposeful intervention of the monetary regulator along with supply -demand relationship in the foreign exchange market causes exchange rate fluctuation, which will have certain effects on prices, output and trade balance. Thus, when the exchange rate policy is adjusted, its impact on macroeconomic variables will also change.
In order to propose appropriate implications to manage the exchange rate policy effectively, examining the impact of the exchange rate policy, more specifically, the impact of exchange rate fluctuations to the exchange rate policy's objectives including prices, economic growth and trade balance, is proved to be essential.
So far, there have been many studies investigating the relationship between the above economic variables.
Regarding the relationship between exchange rate fluctuations and prices, previous studies not only investigated the level of exchange rate pass-through to the consumer price index (inflation), but also were concerned about the fluctuation of import prices when the exchange rate changed. Theoretically, the exchange rate can be transmitted to import prices, which puts pressure on domestic production prices, thereby affecting consumer prices. Campa and Goldberg (2005) and Ghosh and Rajan (2009) used ordinary least squares (OLS) to explain the degree of domestic price index fluctuations when the exchange rate changed [1, 2] . However, this single-equation regression model ignored the fact that domestic inflation could affect the exchange rate inversely. To study the interaction between exchange rate and domestic inflation in some industrialized economies, McCarthy (2000) was the first to use a VAR model to investigate the level of transmission of various types of shocks (exchange rate shocks and import price shocks) to domestic inflation [3] . Later, Hahn (2003) also used the VAR model for the Euro area while Ito and Sato (2008) investigated exchange rate pass-through (ERPT) in East Asian countries [4, 5] . In addition to the OLS and VAR methods, the Error Correction Model (ECM) has also been used to investigate the transmission of exchange rate fluctuations. Kim (1998) applied the ECM to study the case of the United States, while Beirne and Bijsterbosch (2009) used it to find out about Central and Eastern Europe [6, 7] .
Studies on exchange rate pass-through to Vietnam's prices in recent years have also appeared. This relationship was studied through transmission channels of monetary policy, such as Huong et al. (2014) , Vinh (2015) , Giang (2017) [8] [9] [10] ; through impact of foreign exchange reserves on inflation (Trinh, 2015) [11]; direct investigation of ERPT, including Minh (2009), Anh et al. (2010) , Anh (2015) , Anh (2017) [12] [13] [14] [15] or the relationship between inflation and the exchange rate by Minh (2014) [16] . The VAR model is preferred in many studies because of its advantages in investigating the interaction between variables in the model. This is also the model which is used in this article to find out the relationship between exchange rate fluctuations and macroeconomic variables, which consist of the import price index and the consumer price index.
About the relationship between exchange rate volatility and economic growth, although the economic theory does not provide a clear relationship between these variables, empirical studies on this issue are quite massive and prove different results. Many studies, including Hausmann et al. (2004) , Rodrik (2008) and Gluzmann et al. (2012) are quite consistent in supporting the argument that the domestic currency's devaluation promotes economic growth [17] [18] [19] . Meanwhile, other studies have demonstrated the opposite effect of the exchange rate on economic growth, including Kappler et al. (2013) , Anh (2015) and Habib et al. (2017) [20, 14, 21] . Anh (2015) , who investigated the degree of exchange rate fluctuation on Vietnam's economic growth, proved that exchange rate shock played a very important role in the gross domestic product of Vietnam. The cause of this negative effect, according to the author, might be due to the fact that Vietnam's economy depends mainly on imported raw materials. The devaluation of the domestic currency would increase input costs and reduce output growth [14] .
Considering the interaction between the exchange rate and trade balance, empirical studies provided various results, although it is widely acknowledged in theory that when the domestic currency depreciates, exports are encouraged and imports are restricted so that trade balances can be improved. Some studies, including those of Rose (1990) , Vural (2016) and Trang (2017) [22] [23] [24] did not find a statistically significant impact of the exchange rate on the trade balance. The others with statistically significant results supported the arguments that an exchange rate increase would improve the trade balance as found by Bahmani-Oskooee (1991), Anh (2012) and Arize (2017) [25] [26] [27] , while others showed the opposite effect, including Wang et al. (2012) , Koray and McMillin (1999) [28, 29] .
A review of relevant studies suggests that studies about Vietnam primarily focused on examining the degree of exchange rate fluctuations to domestic prices and trade balance, few studies paid attention to the impact of the exchange rate on economic growth. Studies have only analyzed the impact of the exchange rate on one or two of the above three variables. With this approach, the analysis results only reflect a part of the impact of the exchange rate (also the exchange rate policy) on the economy, leading to policy implications that may not be adequate. Overcoming the limitations of previous studies, this article focuses on highlighting the impact of the exchange rate on all three macroeconomic objectives of the exchange rate policy: prices, economic growth, and trade balance. For the transmission channel of the exchange rate to prices, the analysis process is divided into two phases: exchange rate fluctuations affect the import price index, then through the production channel transmit to consumer prices and cause inflation. The purpose of this article is to examine whether the combination of all three objectives in relation to the exchange rate in a model brings a different result, compared to previous studies which investigated this relationship separately.
The remainder of this paper focuses on: (i) the methodology and data description; (ii) results on the impact of exchange rate fluctuations to prices (import price index, consumer price index), output, trade balance and discussion of related issues; and (iii) some policy implications for effective exchange rate policy administration.
Methodology and data description
Methodology
Beside prices (import price, consumer price), output, trade balance and exchange rate, other variables including the world oil price, money supply and interest rate are also added to examine the impact of the exchange rate on macroeconomic variables. The exchange rate on the one hand is affected by some macroeconomic variables, on the other hand affect other variables. Among regression models, the VAR model can measure interactions between macro variables over time, which means that each variable will be explained by an equation that includes its lag and the lag of the other variables. Therefore, the VAR model is proved to be appropriate to determine the relationship between the exchange rate and other macro variables. Another strength of the VAR is that it helps to form the impulse response function and variance decomposition. Through the impulse response function, we can measure the response of variables to shocks at a specific time and in the future. Meanwhile, the results of the variance decomposition allows the estimation of the contribution of shocks to the variance of each variable. The VAR model is applied in this research to investigate the impact of exchange rate shocks on domestic prices, trade balance, output growth and possible interactions among these variables. To form structural shocks, this paper uses Cholesky decomposition, in the following order: the world oil price, the output, import price index, consumer price index, money supply, interest rate, trade balance and exchange rate. The order of the above variables in the Cholesky matrix is referenced and inherited from previous studies, including Anh (2010) , Anh (2015) , Koray and McMillin (1999) and Anh (2017) [13, 14, 29, 15] .
Some hypotheses about the relationship between exchange rate fluctuations and macro variables may be given as follows:
H1: The depreciation of the domestic currency is expected to improve the competitiveness of exports, but will also increase the price of imported goods. The overall impact of the exchange rate on the trade balance depends on the share of imports used to produce export goods.
H2: The effect of the domestic currency devaluation on economic growth is expected to depend on the pass-through of exchange rate effects on the trade balance.
H3: As the domestic currency depreciates, import prices and consumer prices are expected to increase.
H4: The level of exchange rate pass-through to the import price index is expected to be higher than to the consumer price index.
Data description
The data used in the VAR model is taken quarterly in the period 2001q1-2017q3, not monthly as in some previous studies because the data of the import price index is only available yearly or quarterly -the quarterly data can only be found from 2001q1.
All variables (except interest rate and exchange rate) are seasonally adjusted by the Census X-12 method before being logarithmized. The interest rate variable is expressed as a percentage, so is not logarithmic.
The trade balance is not determined in the normal way (the difference between the export value and the import value) but is calculated by taking the ratio between the export value and the import value. This approach, according to Bahmani-Oskooee (1991), is ideal because it helps to limit the difference in estimation results when measuring export and import value in different currencies (USD or local currency). It also makes it easy to change data to a logarithmic form [25] . The exchange rate used in this model is NEER, which is the average exchange rate between VND and the currency of Vietnam's 20 major trading partners. This rate was also used in the researches of Minh (2009) and Anh (2015) [12, 14] . The use of NEER, according to Anh (2015) , could better reflect the change in the import price index and then the consumer price index when the exchange rate fluctuates, than using the nominal exchange rate between VND and USD, which was almost always fixed [14] .
Analytical process
-Step 1: Checking stationarity of the data series by the Augmented Dickey -Fuller (ADF) Test.
-Step 2: Selecting the optimal lag for the model through the LR, FPE, AIC, SC, HQ criteria and Wald Test.
-Step 3: Evaluating the model by: (i) checking the stability of the system; (ii) Granger causality test to determine the fit of the variables in the model; (iii) White noise detection: self-correlation and variance of variation.
-Step 4: Building impulse response function (IRF).
-Step 5: Making variance decomposition (VDF). 
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Research results and discussion
Checking stationarity of the data series
Stationarity is one of important conditions to consider when analyzing time series data. If the time series are not stationary, fake regression will be generated, which makes model results biased. An ADF test is used to determine the stationarity of the data series with AIC (Akaike Info Criterion). The results of the test (see Table 2 ) reveal that all variables are not stationary at level but stationary at the 1% level of significance when taking the first difference. Thus, the VAR model is estimated with data series in the form of the first-order difference. 
Lag
Lag in the VAR model is of very important significance. Table 3 shows the criteria to determine lag for VAR analysis.
Based on the above criteria, the lag of the VAR model can be either 0, 3, 4 or 6. Meanwhile, the results of the Wald Test (see Appendix 1) supports that the lag of the equation should be 3. Therefore, the article uses a VAR model with a lag of 3.
Evaluating the model
The Granger causality test (see Appendix 2) for all variables (except for the world oil price) shows that all variables are endogenous. In addition, the stability condition test result (see Appendix 3) reveals that the AR roots are within the unit circle, indicating that the time series is stable enough for analysis and forecasting. The results of a residual serial correlation test (see Appendix 4) and a variance of variation test (see Appendix 5) also satisfy the condition for using the VAR model. To investigate the interactions of variables in the model, it is necessary to consider the impulse response function (IRF) and the variance decomposition. Figure 1 shows the fluctuation of trade balance, output growth, the import price index and the consumer price index when exchange rate shock appears.
Results of impulse response function to exchange rate shock
The results of the impulse response function show that the impact of exchange rate fluctuations on the trade balance follows the J curve -that is, after VND devalues by 1%, the trade balance decreases continuously from the 2 nd quarter to the 5 th quarter (with the strongest decrease of 0.011%) then improves, but not significantly (with the highest increase of 0.003% after 7 quarters). Overall, VND devaluation does not help to improve significantly the trade balance of Vietnam. This limited impact of the exchange rate may be explained by the fact that almost every imported commodity (70-80%) is used for export production so that VND devaluation although it helps to improve exports, but it cannot offset the increase of imported good value. Analysis of the output impulse response to exchange rate shock exposes that domestic devaluation has no clear impact on the output growth.
Thus, VND devaluation does not help improve significantly the trade balance and has no clear impact on the output growth but makes the import price index increase and contributes to inflation in Vietnam. This can be clearly seen through analyzing the impulse response of the import price index and the consumer price index to the exchange rate shock.
When there is an exchange rate shock, the import price index and the consumer price index all increase, however the reaction level of the import price index is higher than that of the consumer price index. This is suitable with the ERPT theory because exchange rate fluctuations affect the import price index at first then through the production channel have impact on the consumer price index. j Applying the formula of Leigh and Rossi (2002), the article continues to measure the cumulative exchange rate pass-through coefficient to the import price, in time t and t + k (denoted as PTt, t + k):
PTt, t + k = Pt, t + k / Et, t + k Where: Pt, t + k is the cumulative change in the import price and Et, t + k is the cumulative exchange rate change to the exchange rate shock in the period of t and t + k.
The exchange rate pass-through coefficient of the import price index in each period is determined by taking the difference between the cumulative exchange rate pass-through to the import price index of two consecutive periods. Table 4 reveals that the degree of exchange rate pass-through to the import price index is nearly complete at the 2 nd quarter after exchange rate shock happens. Six (6) months after the shock, the average ERPT coefficient is 0.495, which means that a 1% change of the exchange rate causes a 0.495% change of the import price index. The average ERPT coefficient to the import price index after 1 year and 2 year is 0.49 and 0.22, respectively.
Thus, the impact degree of exchange rate fluctuations on the import price index is quite high, although reduces significantly when transferring to the consumer price index but still has a certain impact on the domestic inflation. Thus, if the level of ERPT to the import price index is limited, the impact of exchange rate fluctuations on the consumer price index will certainly reduce, contributing to control the inflation -one of important internal balance goals of the economy.
Variance decomposition
The impulse response function, although it provides information about the degree of ERPT to macro variables, it cannot show how much the exchange rate shock contributes to explain the fluctuation of these variables. Therefore, in order to evaluate the importance of exchange rate shocks, it is necessary to decompose variance for the variables. 
Variance Decomposition of D(LNCPI):
Period D(LNGDP) D(LNIMP) D(LNCPI) D(LNM2) D(IR) D(LNNEER) D(LNTB)
(LNGDP) D(LNIMP) D(LNCPI) D(LNM2) D(IR) D(LNTB) D(LNNEER)
Source: Estimation from the model.
It can be clearly seen in Table 5 that the exchange rate contribution in explaining fluctuations in trade balance and output is rather moderate (about 2-2.5% at one year after the shock and that level continues for the following years). This is also consistent with the above impulse response function.
Among the factors affecting prices, the exchange rate shock plays a relatively important role in explaining changes in the import price index and the consumer price index. Specifically, the exchange rate shock contributes approximately 8.4% to the fluctuation of the import price index after 2 quarters. This contribution level peaks to the highest point at 10.6% after 3 quarters and fluctuates between 8.7-9.7% in the following quarters. Meanwhile, about 2.5% of the consumer price index volatility after 2 quarters is explained by the exchange rate shock. The exchange rate shock contribution increases gradually then keeps stable at above 7.7% during the 3 rd quarter to the 10 th quarter. It is notable that, the contribution of the exchange rate shock to the fluctuation of the consumer price index from the 3 rd quarter is higher than the contribution of the money supply shock, which proves that ERPT to the import price index has a certain impact on the consumer price index. Meanwhile, the contribution of the import price shock to the consumer price index volatility is also quite high, above 9%, from the 4 th quarter.
Conclusions and some policy implications
By using up-to-date data, the VAR model reveals the following key points: (i) devaluation of VND not only does not help to improve significantly the trade balance and has no clear impact on the economic growth but leads to an increase in the import price index, which contributes to inflation in Vietnam; (ii) the level of ERPT to the import price index is relatively high, although decreases dramatically when passed through to the consumer price index, which reveals that the impact of exchange rate fluctuation to inflation can be reduced if ERPT to the import price index is limited and, (iii) this paper along with previous studies confirms the important role of exchange rate policy to stabilize prices in Vietnam.
Based on the results drawn, the following policy implications may be given:
Firstly, the currency basket pegged exchange rate regime choice of the SBV from Jan 4 th , 2016 is in the right direction because it is in line with the integration requirements. The exchange rate fluctuates in both trend (up and down) and the degree of oscillation is also smaller (suitable with the demand for currency stability).
Secondly, among the tools that the SBV can use to manage the exchange rate, VND devaluation is proved to be not a correct choice. Instead of this, the SBV should apply suitable exchange rate fluctuation tools or enhance using indirect intervention measures.
The results of the VAR model shows that VND devaluation is not an optimal solution to enhance the competitiveness of export goods, thus improving the trade balance. It is due to the fact that Vietnam is heavily dependent on import goods while the degree of ERPT to the import price index is relatively high so that VND devaluation will have negative impact on imports, make production costs increase, narrow the domestic production in general and the export production in particular. As a consequence the trade balance is affected. VND devaluation also has a negative impact on inflation control and even increases the external debt. In conclusion, the devaluation of the domestic currency can have negative consequences, not only does it not help to improve, but also might reduce the competitiveness of the economy. The SBV should consider using other exchange rate management tools such as exchange rate fluctuation tools and other indirect intervention measures (such as interest rate).
Thirdly, the State Bank of Vietnam should pay much attention to find out solutions to reduce risks caused by exchange rate fluctuations because if the degree of ERPT to the import price index decreases, the effect of the exchange rate fluctuations on inflation will also go down. According to the study by Nhung and Huyen (2017) , speeding up the development of the derivative exchange rate market is necessary to hedge exchange rate risks for export-import enterprises so as to reduce the level of ERPT to the import price index [31] .
Fourthly, the SBV should prioritize the exchange rate policy administration towards price stability through adopting an inflationtargeting monetary policy. In order to maintain the current currency basket pegged exchange rate regime, towards the floating exchange rate regime in the future, the exchange rate policy should not continue to be used as a means of monetary policy to solve urgent situations. This is due to the fact that the exchange rate does not help to increase the volume of money but only contributes to change the structure of currencies. In order to achieve the above goal, multi-targeting monetary policy, which is favored over quantity control, should be replaced by inflation-targeting monetary policy. Inflation-targeting monetary policy will be a long-term solution to limit the embarrassment and passivity of the SBV in administrating exchange rate policy, thus the exchange rate policy will not have to be sacrificed for the inflation target. VAR satisfies the stability condition.
Source: Estimation from the model. 
